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1
SEMICONDUCTOR DEVICE HAVING
PARALLEL CONDUCTIVE LINES
INCLUDING A CUT PORTION AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-107051,
filed May 21, 2013, the entire contents of which are incorpo-
rated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor device and a method of manufacturing the same.

BACKGROUND

A process of manufacturing a semiconductor device, may
employ a sidewall transfer technique that uses a sidewall
formed around a mandrel as a pattern, as a method of forming
a fine pattern that challenges the limits of the optical lithog-
raphy. Recent processes have employed this technique twice
in order to form a further finer wiring pattern.

To form a wiring pattern, a cut pattern in which a part of a
line and space pattern is cut, is formed. If the above-men-
tioned sidewall transfer technique is used, the number of
wirings formed in a loop shape around the mandrel of the cut
pattern portion is increased and therefore, the area of the
portion to be cut is increased.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exemplary view schematically showing an
electrical structure of a memory cell region and a peripheral
circuit region of a NAND type flash memory according to a
first embodiment.

FIG. 2A is an exemplary view of an electrical structure of
an example of a bit line hookup circuit, and FIG. 2B is an
exemplary view of an electrical structure of another example
of a bit line hookup circuit.

FIG. 3 is an exemplary plan view showing cut areas of
wirings in a bit line hookup circuit.

FIG. 4A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
manufacturing process, and FIG. 4B is an exemplary cross-
sectional view of the portion indicated by a line A-A in FIG.
4A (example 1).

FIG. 5A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 5B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 5A (example 2).

FIG. 6A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 6B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 6A (example 3).

FIG. 7A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 7B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 7A (example 4).

FIG. 8A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
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the manufacturing process, and FIG. 8B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 8A (example 5).

FIG. 9A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 9B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 9A (example 6).

FIG. 10A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 10B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 10A (example 7).

FIG. 11A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 11B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 11A (example 8).

FIG. 12A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 12B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 12A (example 9).

FIGS. 13A to 13D are each an exemplary plan view of the
cut areas of wirings in the bit line hookup circuit correspond-
ing to each step in the manufacturing process according to a
second embodiment.

FIGS. 14A to 14G are each an exemplary plan view of the
cut areas of wirings in the bit line hookup circuit correspond-
ing to each step of the manufacturing process according to a
third embodiment.

FIG. 15A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process according to a fourth embodiment,
and FIG. 15B is an exemplary cross-sectional view of the
portion indicated by the line A-A in FIG. 15A (example 1).

FIG. 16A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 16B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 16A (example 2).

FIG. 17A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 17B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 17A (example 3).

FIG. 18A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 18B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 18A (example 4).

FIG. 19A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 19B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 19A (example 5).

FIG. 20A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 20B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 20A (example 6).

FIG. 21A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 21B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 21A (example 7).
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FIG. 22A is an exemplary plan view of the cut areas of
wirings in the bit line hookup circuit illustrating one step of
the manufacturing process, and FIG. 22B is an exemplary
cross-sectional view of the portion indicated by the line A-A
in FIG. 22A (example 8).

FIG. 23 is another exemplary plan view illustrating cut
areas of wirings in the bit line hookup circuit.

FIG. 24 is further another exemplary plan view illustrating
cut areas of wirings in the bit line hookup circuit.

DETAILED DESCRIPTION

In general, embodiments provide a semiconductor device
including a pattern capable of preventing an increase in chip
area.

According to an embodiment, a semiconductor device
includes a wiring pattern that includes a plurality of parallel
conductive lines that are spaced apart from one another in a
first direction and extend in a second direction transverse to
the first direction. The parallel conductive lines include first
and second lines that are adjacent, and a third line that is
adjacent to the second line, and first and third lines each have
a cut portion at different points along the second direction.

Hereinafter, a plurality of embodiments in which the dis-
closure is applied to a NAND type flash memory will be
described with reference to the drawings. Here, the drawings
are schematically shown and do not always conform to the
actual size such as a relation between thickness and plane
measurements and a ratio of thickness of each layer. The
vertical and horizontal directions do not necessarily conform
to directions defined with respect to the direction of gravita-
tional acceleration but are defined with respective to a circuit-
formed surface of a semiconductor substrate described later
as upper surface.

First Embodiment

FIGS. 1t0 12A and 12B depict a first embodiment. FIG. 1
is an example schematically showing the electrical structure
of the NAND type flash memory in a block diagram. As
illustrated in FIG. 1, a NAND type flash memory 1 includes a
memory cell array Ar with many memory cells arranged in a
matrix shape, a peripheral circuit PC for performing reading/
writing/erasing of each memory cell in the memory cell array
Ar, and an input and output interface (not illustrated).

A plurality of cell units UC are arranged in the memory cell
array Ar within a memory cell region. The cell unit UC
includes a select gate transistor STD connected to the side of
abit line BL,, a select gate transistor STS connected to the side
of'a source line SL,, and the k-th power of 2 of (for example,
32 (=m)) memory cell transistors MT connected in series
between the two select gate transistors STD and STS.

One block includes n cell units UC arranged in parallel in
the X direction (in the direction of column: in the horizontal
direction in FIG. 1). The memory cell array Ar is formed by
arranging the blocks in the Y direction (in the direction of
row: in the vertical direction in FIG. 1). To simplity the
description, FIG. 1 shows one block.

The peripheral circuit region is arranged around the
memory cell region and the peripheral circuit PC is arranged
around the memory cell array Ar. This peripheral circuit PC
includes a controller CNT, an address decoder ADC, a sense
amplifier SA, a booster circuit BS including a charge pump
circuit, and a transfer transistor WTB. The address decoder
ADC is electrically connected to the transfer transistor WTB
through the booster circuit BS.
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The controller CNT controls the address decoder ADC, the
sense amplifier SA, the booster circuit BS including the
charge pump circuit, and the transfer transistor WTB accord-
ing to acommand from the outside. The address decoder ADC
selects one block in response to an address signal given from
the outside. The booster circuit BS boosts a drive voltage
supplied externally upon receipt of the select signal of a
block, and supplies a predetermined voltage to the respective
transfer gate transistors WIGD, WTGS, and WT through a
transfer gate line TG.

The transfer transistor WTB includes a transfer gate tran-
sistor WIGD, a transfer gate transistor WTGS, and a word
line transfer gate transistor WT. The transfer transistor WTB
is provided for every block.

One of the drain and the source of the transfer gate transis-
tor WI'GD is connected to the select gate driver line SG2 and
the other is connected to the select gate line SGLD. One of the
drain and the source of the transfer gate transistor WTGS is
connected to the select gate driver line SG1 and the other is
connected to the select gate line SGLS. Further, one of the
drain and the source of each transfer gate transistor WT is
connected to a corresponding word line driving signal line
WDL and the other is connected to a corresponding word line
WL formed within the memory cell array Ar.

In the plural cell units UC arranged in the X direction, the
gate electrodes SG of the respective select gate transistors
STD are electrically connected through a select gate line
SGLD. Similarly, the gate electrodes SG of the respective
select gate transistor STS are electrically connected through
the select gate line SGLS. The sources of the select gate
transistors STS are commonly connected to the source line
SL. The respective gate electrodes MG of the respective
memory cell transistors MT in every cell unit UC arranged in
the X direction are electrically connected through the respec-
tive word lines WL.

The gate electrodes of the respective transfer gate transis-
tors WIGD, WTGS, and WT are mutually connected in com-
mon by the transfer gate line TG and connected to a boosted
voltage supply terminal of the booster circuit BS.

As illustrated in FIG. 2A, the sense amplifier SA includes
a bit line hookup circuit HU connected to every two adjacent
bit lines in bit lines of the memory cell region and a data latch
circuit DL. The bit line hookup circuit HU includes a transis-
tor Q1 for connecting a bit line BL.o of odd number to the data
latch circuit DL and a transistor Q2 for connecting a bit line
BLe of even number to the data latch circuit DL. The bit line
hookup circuit HU further includes a transistor Q3 for con-
necting the bit line BLo of odd number to a control line VPRE
and a transistor Q4 for connecting the bit line BLe of even
number to the control line VPRE.

Alternatively, in some cases, each sense amplifier SA is
connected to each of the bit lines BL of the memory cell array
Ar, as illustrated in FIG. 2B. Here, each of the bit lines BL is
connected to each data latch circuit DL through a correspond-
ing bit line select transistor BLS.

FIG. 3 shows one example of a layout of the portion of the
transistor Q1 of the bit line hookup circuit HU or the transistor
BLS. Hereinafter, the description will be made using the
transistor Q1 as an example. The transistor Q1 is provided
with an element forming area Sa formed in a rectangular
shape on asilicon substrate 2 that is a semiconductor substrate
and a gate electrode QG formed across the middle portion of
the element forming area Sa. An interlayer insulating film is
formed above the upper layer of the element forming area Sa
and the gate electrode QG, and a plurality of (for example, 32)
wirings are arranged on the interlayer insulating film, and
across and above the gate electrode QG. The bitlines BL.o and
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BLe are included in the wirings; for example, these lines can
be embedded in concave portions formed in the interlayer
insulating film as a copper wiring pattern according to the
Damascene technique.

The bit lines BLo and BLe are alternately arranged within
the memory cell array Ar shown in FIG. 1. In the sense
amplifier SA, however, the wirings are formed with at least
three dummy lines DML in an electrically floating state that
are arranged between the bit lines BL.o and BLe. By arranging
the dummy lines DML between the bit lines Bl.o and BLe, a
dielectric breakdown voltage between the bit line BLo and the
bit line BLe is improved. The bit line BL.o and a wiring ToDL
that extends to the data latch circuit DL are respectively
connected to the source and the drain region of the transistor
Q1 through the contacts CQ.

Each of the bit line BLo and the wiring ToDL connected to
the transistor Q1 has a cut area CUA for three wirings includ-
ing itself and adjacent dummy lines DML positioned on the
both sides thereof. This cut area CUA is formed by cutting a
set of three wirings including the bit line BLo and the adjacent
dummy lines DML on both sides thereof or the wiring ToDL
and the adjacent dummy lines DML on both sides thereof.
The cut areas CUA are adjacently arranged at a predeter-
mined distance in the bit line direction in a state where each
set of three wirings has been cut. As a result, the dummy lines
DML .2 are not cut and extend in the bit line direction between
the adjacent cut areas CUA.

Further, the dummy line DML1 on the nearer side of the
memory cell array Ar than the cut area CUA can be used as a
routing wiring that is on the nearer side of the memory cell
array Ar than the transistor Q1. Further, the dummy line
DML2 arranged between the cut areas CUA may be con-
nected to the gate electrode of the transistor Q1. As a result,
the dummy line DML.2 can be used as a signal line for turning
on and off the transistor Q1. Further, the dummy line DML.2
may be also used as a shield wiring by connecting it to a
ground voltage. Furthermore, the dummy line DML2 may be
in a floating state.

The transistor Q2 is positioned on the side of the data latch
circuit DL ofthe transistor Q1 (lower portion in FIG. 2A). The
bit line BLe has the same cut area CUA in the transistor Q2 as
the bit line BLo.

The above cut area CUA in which a set of the three lines
including the bit line BLo, BLe, or wiring ToDL. together with
the two adjacent dummy lines DML is cut, is formed in a
pattern where a part of a bit line pattern formed according to
a line and space pattern, is previously cut, in the wiring
process. In this case, during pattern formation of the bit lines
BLo, BLe, and wiring ToDL, a pattern formed by the lithog-
raphy is subjected to the sidewall transfer technique twice,
hence to form a fine pattern. Therefore, in the case of forming
a cut pattern according to the comparative method, when
embedded wirings are formed through the Damascene pro-
cess, a cut area of seven lines including the bit line BLo, BLe,
or wiring ToDL and three dummy lines DML on both sides
thereof is formed.

In this embodiment, even if the formation of a wiring
pattern using the sidewall transfer technique twice is adopted,
there is provided a manufacturing method capable of forming
a cut area CUA in a three-cut pattern. Hereinafter, the manu-
facturing process will be described with reference to FIGS. 4
to 12.

FIGS. 4A and 4B show a state in which an interlayer
insulating film 3 formed of, for example, a silicon oxide film,
and a lower layer film 4 for forming a wiring pattern are
formed on the silicon substrate 2 in which memory cell tran-
sistors and other elements are formed through the element
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forming process, and then, a first upper layer film pattern 5
(mandrel pattern 5) is formed on the top surface. The lower
layer film 4 is formed of a material different from that of the
interlayer insulating film 3 and can be selectively etched. The
upper layer film of the first upper layer film pattern 5 is made
of'such a material that the above film can be selectively etched
on the lower layer film 4.

FIG. 4A shows an example of a plane pattern, and the first
upper layer film pattern 5 is a pattern in which the upper layer
film is processed according to a line and space pattern in a bit
line forming direction. The first upper layer film pattern 5
contains a cut pattern 5x cut corresponding to a portion where
the cut area CUA (shown in FIG. 3) is formed. FIG. 4A shows
the cut pattern Sx corresponding to the two cut areas CUA
shown in FIG. 3. The cut areas CUAO are formed by the cut
pattern 5x. The cut area CUAQ has a wider area than the cut
area CUA. FIG. 4B schematically shows the cross-section of
aportion indicated by the line A-A in FIG. 4A. In the follow-
ing FIGS. 5t0 12, B of each figure indicates the cross-section
cut along the same portion shown in F1G. 4A, and the descrip-
tion is not repeated due to limitation of space.

In the above structure, the first upper layer film pattern 5 is
formed with the same size W0 in the width and the space, and
this is regarded as the size of the possible limit or size near the
limit by, for example, the lithography technique. Alterna-
tively, the width of W0 may be set at a predetermined width
regardless of the limit of the optical lithography.

Next, as illustrated in FIGS. 5A and 5B, the width W0 of
the first upper layer film pattern 5 may be about a half width
W1 (=W0/2) by slimming processing, hence to form a second
upper layer film pattern 5a. According to the slimming pro-
cessing, the pitch of the second upper layer film pattern 5a
becomes about three times of the width W1. Thereafter, first
sidewall films 6 with the film thickness of W1 are formed on
the both sidewalls of the second upper layer film pattern Sa.
According to this, the second upper layer film pattern Sa and
the first sidewall film 6 are respectively formed with the width
of W1, and the space between the first sidewall films 6 also
becomes W1.

The first sidewall film 6 is formed of a material different
from, for example, the lower layer film 4 and the second upper
layer film pattern 5a and the material that can be selectively
etched is selected. For example, when the lower layer film 4 is
a silicon nitride film and the second upper layer film pattern
Sais asilicon film, a silicon oxide film can be used as the first
sidewall film 6. Alternatively, these materials can be
exchanged and used for the above films in a different combi-
nation.

The first sidewall film 6 is made by forming a film for
forming a sidewall with a film thickness of W1 on the whole
surface after the second upper layer film pattern 5q is formed.
In this case, since the pitch of the second upper layer film
pattern 5a is about three times of W1, when a film for sidewall
is formed along the top surface and the sidewall of the second
upper layer film pattern 5a, the width of the concave portion
becomes W1. Thereafter, the film for sidewall is etched back
according to the reactive ion etching (RIE), to remove the
portion formed on the top surface of the second upper layer
film pattern 5a and the top surface of the lower layer film 4.
According to this, the first sidewall films 6 are formed on the
both sidewalls of the second upper layer film pattern 5a in a
spacer shape.

Further, in this state, since the first sidewall films 6 are
formed to surround the second upper layer film pattern 5a, the
first sidewall film 6 in the cut area CUA0 of FIG. 5A is formed
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to surround the cut pattern Sx where the second upper layer
film pattern 5a is cut, hence to form a loop first sidewall film
6x connected in a loop shape.

Next, as illustrated in FIGS. 6A and 6B, the above is
formed into a pattern in which the second upper layer film
pattern 5a is selectively removed and the first sidewall films 6
are left on the lower layer film 4. The second upper layer film
pattern 5a is removed selectively according to the processing
of dry etching or wet etching. According to this, the first
sidewall films 6 with the width of W1 are formed into a state
of being aligned at the pitch of W1 on the lower layer film 4,
that is, into a line and space pattern.

Next, as illustrated in FIGS. 7A and 7B, the first sidewall
films 6 are used to etch the lower layer film 4, hence to form
a first lower layer film pattern. In this case, after the lower
layer film 4 is etched, the first sidewall films 6 are removed,
and the film 4 is formed a second lower layer film pattern 4a
with a width of W2 (=W1/2=W0/4) by the slimming process.
Here, since the width W2 of the second lower layer film
pattern 4a is about half of the width W1 of the first sidewall
film 6, the pitch W3 of the second lower layer film pattern 4a
becomes about three times of the width W2 of the second
lower layer film pattern 4a.

Further, in this state, since the second lower layer film
pattern 4a is formed in the same pattern as that of the first
sidewall film 6, a loop pattern 4x connected in a loop shape is
formed in the cut area CUAO of FIG. 7A, similarly to the loop
first sidewall film 6.x.

Next, as illustrated in FIGS. 8A and 8B, second sidewall
films 7 with the width of W2 are formed on the both sidewalls
of the second lower layer film pattern 4a. According to this,
the second lower layer film pattern 4a and the second sidewall
film 7 are respectively formed with the width of W2 and the
space between the second sidewall films 7 also becomes W2.

The second sidewall film 7 is formed of a material different
from that of the interlayer insulating film 3 and the second
lower layer film pattern 4a and the material that can be selec-
tively etched is selected. For example, when the interlayer
insulating film 3 is a silicon oxide film and the second lower
layer film pattern 4a is a silicon nitride film, a silicon film such
as polycrystalline silicon film can be used as the second
sidewall film 6. Alternatively, these materials can be
exchanged and used for the above films in a different combi-
nation.

The second sidewall film 7 is made by forming the film for
forming a sidewall film on the whole surface with a film
thickness of' W2 after the second lower layer film pattern 4a is
formed. In this case, since the pitch of the second lower layer
film pattern 4a is about three times of W2, when the film for
sidewall is formed along the top surface and the sidewalls of
the second lower layer film pattern 4a, the width ofthe portion
where the interlayer insulating film 3 is exposed becomes W2.
Thereafter, the film for forming a sidewall film is etched
according to the reactive ion etching (RIE), and the top sur-
face of the second lower layer film pattern 4a and the top
surface of the interlayer insulating film 3 are removed.
According to this, the second sidewall films 7 are formed on
the both sidewalls of the second lower layer film pattern 4a in
a spacer shape.

Further, in this state, since the second sidewall films 7 are
formed in a way of surrounding the second lower layer film
pattern 4a, the second sidewall film 7 in the cut area CUA0 of
FIG. 8A is formed along the loop pattern 4x of the second
lower layer film pattern 4a, hence to form an outer loop
second sidewall film 7xa and an inner loop second sidewall
film 7xb each connected in a loop shape.
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Then, as illustrated in FIGS. 9A and 9B, the above is
formed into a pattern in which the second lower layer film
pattern 4a is selectively removed and the second sidewall
films 7 are left on the interlayer insulating film 3. The second
lower layer film pattern 4a is removed selectively according
to the processing of dry etching or wet etching. According to
this, the second sidewall films 7 with the width of W2 are
formed into a state of being aligned on the interlayer insulat-
ing film 3 at the pitch of W2, that is, into a line and space
pattern.

Subsequently, as illustrated in FIGS. 10A and 10B, the
surface layer of the interlayer insulating film 3 is etched using
the second sidewall films 7 as a mask, to form concave por-
tions 3a with a predetermined depth on the top surface of the
interlayer insulating film 3. In this state, since the concave
portion 3a is formed at a portion where the second sidewall
film 7 is not formed, a loop concave portion 3xa and one inner
cut pattern concave portion 3xb are formed in a different
region from the loop second sidewall films 7xa and 7xb of the
second sidewall film 7, in the cut area CUAO of FIG. 10A.
Further, a wide portion of the cut area CUAO is formed as a
connected concave portion 3xc.

Next, as illustrated in FIGS. 11A and 11B, the concave
portions 3a of the interlayer insulating film 3 formed as men-
tioned above are filled with a wiring pattern 8 of copper
according to a so-called Damascene process. In this case, at
first, a wiring film of copper is formed on the interlayer
insulating film 3 that has the above concave portions 3a
formed thereon. According to this, a copper wiring film is
formed on the interlayer insulating film 3 and in the concave
portions 3a. Thereafter, the copper wiring film only within the
concave portions 3a is left and the other copper wiring film on
the interlayer insulating film 3 is removed according to pol-
ishing processing by the chemical mechanical polishing
(CMP).

Since the wiring pattern 8 is formed within the concave
portions 3a of the interlayer insulating film 3, an outer loop
wiring pattern 8xa formed within the outer loop concave
portion 3xa and a cut wiring pattern 8xb formed within the
inner cut pattern concave portion 3xb are formed in the cut
area CUAQ of FIG. 11A. Further, a connected wiring pattern
8xc 1s formed also in the wide connected concave portion 3xc
and the pattern is formed in a state of connecting two wiring
patterns 8.

In the state where the above wiring pattern 8 is formed, a
resist film 9 for forming a cut area is formed on the top
surface. According to the photolithography technique, an
opening 9a of the cut area CUA is patterned correspondingly
to the cut area CUAO.

Subsequently, as illustrated in FIGS. 12A and 12B, the
loop wiring pattern 8xa and the connected wiring pattern 8xc
of'the wiring pattern 8 exposed to the opening 9a of the resist
9 are removed. At a time of removing the above wiring, a part
of'the distal end of the cut wiring pattern 8xb may be removed.
According to this, three adjacent wiring patterns 8 are formed
to be cut in the cut area CUA. In this case, the wiring pattern
8 in the middle of the three copper wiring patterns 8 is
regarded as the bit line BLo, BLe, or wiring ToDL, and the
adjacent copper wiring patterns 8 on both sides thereof are the
dummy lines DML. Further, at least a part of the loop wiring
pattern 8xa extending in the X direction crossing the Y direc-
tion may be cut off. As a result, an adjustment margin in the X
direction can be increased.

The cut areas CUA where the three wiring patterns 8 are cut
off are sequentially formed at a position with one wiring
pattern 8 intervening therebetween in the direction crossing
the extending direction of the wiring pattern 8 and at a posi-
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tion deviated in the extending direction of the wiring pattern
8. This makes it possible to form the wiring pattern of the bit
line hookup circuit HU of the structure shown in FIG. 3.

According to the first embodiment as mentioned above,
when the sidewall transfer technique is used twice to embed
and form the wiring pattern 8 in the interlayer insulating film
3, the cut area CUA in the bit line hookup circuit HU can be
formed by cutting off the three adjacent wiring patterns 8,
thereby saving the space.

Further, the bit line BLo and the wiring ToDL connected to
the transistor Q1 are cut by the different cut areas CUA0 and
CUAL. As a result, a possibility of shorting the bit line BLo
and the wiring ToDL can be reduced.

Second Embodiment

FIGS. 13A to 13D depict a second embodiment and a
description will be made about the portions different from the
first embodiment.

In the embodiment, the cut pattern 5x is not formed at the
same time as the line and space pattern by the patterning
according to the lithography technique but formed in a dif-
ferent process, when forming the first upper layer film pattern
5 shown in FIGS. 4A and 4B in the first embodiment.

Namely, as illustrated in FIG. 13A, the interlayer insulating
film 3 and the lower layer film 4 for forming a wiring pattern
are formed above the silicon substrate 2 and on the top surface
thereof, the first upper layer film pattern 5 in which the upper
layer film is processed into a line and space pattern, is formed.
The first upper layer film pattern 5 is formed by the line and
space pattern in the direction of forming the bit line according
to the lithography technique. The first upper layer film pattern
5 is formed with the same size W0 in the width and the space,
and this is regarded as the size of the possible limit or size near
the limit of, for example, the optical lithography.

Next, as illustrated in FIG. 13B, the photolithography pro-
cessing is performed in order to partially remove the first
upper layer film pattern 5. Here, the openings 10 are formed
in a resist pattern and the first upper layer film pattern 5
exposed to the openings 10 is cut off by RIE. FIG. 13C shows
the first upper layer film pattern 5 and the portion about the cut
pattern 5x obtained through the above processing, and the cut
areas CUAO are provided in the portions by the cut pattern 5x.

Next, as illustrated in FIG. 13D, the first upper layer film
pattern 5 and the cut pattern Sx are used as the mandrel, to
perform the slimming processing similarly to the first
embodiment, to form the second upper layer film pattern 5a
and to form the first sidewall film 6 passing through the
process of sidewall film formation. Hereinafter, by carrying
out the similar process as the first embodiment, the wiring
pattern 8 and the cut area CUA where the adjacent three
wiring patterns 8 are cut off can be formed.

The second embodiment as mentioned above can achieve
the same functions and effects as those of the first embodi-
ment. Further, in processing the first upper layer film, since
the lithography process for forming a line and space pattern
and the lithography process for forming a cut pattern are
separated, to form the cut pattern Sx of the first upper layer
film pattern 5, even if the lithography process for directly
forming the cut pattern 5x is difficult, the above processing
can be performed.

Third Embodiment

FIGS. 14A to 14G depict a third embodiment and herein-
after a description will be made about the portions different
from the first embodiment. This embodiment shows an
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example of forming the first upper layer film pattern 5 shown
in FIGS. 4A and 4B, where a pattern 5y is formed with a
curved portion because of the features of the lithography
around the cut area CUAO or the processing of the first upper
layer film pattern 5.

FIG. 14A is an example of a view corresponding to the
process shown in FIG. 4A. When forming the first upper layer
film pattern 5, in a portion corresponding to the cut area
CUAO where a repetition of a line and space pattern is dis-
turbed, there is the case where a wide width pattern 5y in
which the first upper layer film pattern 5 on the both sides gets
wider because of the features of the lithography or the pro-
cessing. Therefore, a cut area CUA1 gets narrower than the
cut area CUAO shown in the first embodiment.

Hereinafter, the same process as in the first embodiment
will be described based on the first upper layer film pattern 5
shown in FIG. 14A, namely the plane pattern including the
cut pattern 5x and the wide width pattern 5y.

As illustrated in FIG. 14B, the first upper layer film pattern
5 is subjected to the slimming processing to get the second
upper layer film pattern 5a, and the first sidewall films 6 are
formed on the both sidewalls thereof. Here, a loop first side-
wall film 6x is formed around the cut pattern 5x facing the cut
area CUA1 ina way of connecting the both sidewalls. Further,
after the slimming processing, the wide width pattern 5y
facing the cut area CUA1 has a wide portion, the first sidewall
film 6 is formed to have a curved portion 6y of the wide width
pattern 5y on the sidewall facing the cut area CUAL.

Thereafter, as illustrated in FIG. 14C, the second upper
layer film pattern 5a is selectively removed, hence to form a
mask for processing the lower layer film 4. Subsequently, as
illustrated in FIG. 14D, with the second upper layer film
pattern 5a used as the mask, the lower layer film 4 is etched,
to form a first lower layer film pattern, and further the first
lower layer film pattern is slimmed to form the second lower
layer film pattern 4a. In this state, a loop pattern 4x is formed
in the portion processed by the loop first sidewall film 6x.
Further, the same shape is transferred to the portion where the
lower layer film 4 is processed with the curved portion 6y of
the first sidewall film 6 used as the mask, where the curved
portion 4y is formed in the second lower layer film pattern 4a.

Next, as illustrated in FIG. 14E, second sidewall films 7 are
formed on the both sidewalls of the second lower layer film
pattern 4a. In this state, loop second sidewall films 7xa and
7xb are respectively formed inside and outside on the both
sidewalls of the loop second lower layer film pattern 4x in a
connected way from both sides. Further, in the cut area
CUAL1, curved portions 7ya and 7yb are formed in the second
sidewall films 7 to which the same shape is transferred, on the
both sidewalls of the curved portion 4y of the second lower
layer film pattern 4a.

Thereafter, similarly to the above, the second sidewall
films 7 are used as a mask to etch the interlayer insulating film
3 and the concave portions 3a with a predetermined depth are
formed on the surface of the interlayer insulating film 3. In
this state, since the concave portions 3a are formed in the
portion where the second sidewall films 7 are not formed, an
outer loop concave portion 3xa and an inner cut pattern con-
cave portion 3xb are formed in the cut area CUA1 in a differ-
ent region from the loop second sidewall films 7xa and 7xb of
the second sidewall film 7, in the same way as shown in FI1G.
10A. Further, a wide portion of the cut area CUA1 is also
formed as a connected concave portion 3xc. Further, a curved
concave portion curved by the curved portions 7ya and 7yb of
the second sidewall film 7 facing the cut area CUA1 is
formed.
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Next, as illustrated in FIG. 14F, the concave portions 3a of
the interlayer insulating film 3 formed as mentioned above are
embedded with the copper wiring pattern 8 according to the
Damascene process. The formation process is as mentioned
above: a copper wiring film is formed, left within the concave
portions 3a, and the copper wiring on the interlayer insulating
film 3 is remove through the polishing process of the CMP.

Since the wiring pattern 8 is formed within the concave
portions 3a of the interlayer insulating film 3, a loop wiring
pattern 8xa and a cut wiring pattern 8xb are formed in the cut
area CUA1 of FIG. 14F. Further, a connected wiring pattern
8xc is formed in the connected concave portion 3xc that is a
wide region, in a way of connecting the two wiring patterns 8.
Further, curved wiring patterns 8ya and 8yb are formed within
the concave portions curved by the curved portions 7ya and
7yb of the second sidewall film 7.

Then, in a state where the above wiring pattern 8 is formed,
a resist film 9 for forming a cut area is formed on the top
surface as mentioned above, and the openings 9a of the cut
areas CUA are patterned correspondingly to the cut areas
CUAO, as shown in FIG. 14G. Subsequently, the loop wiring
pattern 8xa, the cut wiring pattern 8xb, and the connected
wiring pattern 8xc¢ of the wiring pattern 8 exposed to the
openings 9a of the resist 9 are removed. According to this, the
three adjacent wiring patterns 8 are formed to be cut in the cut
area CUA. In this case, the middle wiring pattern 8 of the three
wiring patterns 8 is regarded as the bit line BL.o or BLe and the
wiring patterns 8 on both sides are dummy lines DML..

The third embodiment as mentioned above can achieve the
same functions and effects as those of the first embodiment.
Further, when the first upper layer film pattern 5 is formed
according to the lithography technique, a curved pattern
sometimes occurs in the portion facing the cut area CUA1 at
a time of forming the cut pattern Sa, and in such a case, the
pattern formation according to this embodiment can be used.
The wiring pattern as shown in FIG. 14G is a unique shape
formed at atime of using the sidewall transfer technique using
the mandrel pattern 5 (first upper layer film pattern 5) of the
first embodiment twice.

Fourth Embodiment

FIGS. 15 to 22 show a fourth embodiment and hereinafter,
a description will be made about the portions different from
the first embodiment. In this embodiment, a copper wiring
pattern according to the Damascene process is not formed but
a conductive film for wiring that may be patterned such as a
tungsten film or an aluminum film is previously formed on the
interlayer insulating film 3 and processed to form a wiring
pattern. This embodiment is different from the first embodi-
ment in that the wiring pattern is formed in a portion inverted
from the wiring pattern 8 shown in the first embodiment.

FIGS. 15A and 15B are views corresponding to FIGS. 4A
and 4B. As illustrated in FIG. 15B, the interlayer insulating
film 3 is formed above the silicon substrate 2, and on the top
surface, a conductive film 11 for forming a wiring pattern is
formed. The conductive film 11 is made of, for example, an
aluminum film, a metal film including aluminum, or a mate-
rial including conductivity, and formed as a film that can be
patterned through etching.

The above figures show the state in which the lower layer
film 4 and the first upper layer film pattern 5 for forming the
wiring pattern is formed on the top surface of the conductive
film 11. The lower layer film 4 is made of a material different
from that of the conductive film 11 and the film can be
selectively etched. Further, the upper layer film of the first
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upper layer film pattern 5 is made of a material that can be
selectively etched on the lower layer film 4.

In FIG. 15A, the first upper layer film pattern 5 includes a
line and space pattern formed in the direction of forming a bit
line and a cut pattern 5x in which one of the lines is cut off
correspondingly to the portion for forming the cut area CUA.
The cut area CUAO is formed there by the cut pattern 5x. FIG.
15B schematically shows the cross-section of the portion
indicated by the line A-A in FIG. 15A. In the following FIGS.
16 to 22, B of each figure shows the cross-section of the same
portion as in FIG. 15A.

Next, as illustrated in FIGS. 16A and 16B, the second
upper layer film pattern 5a is formed through the slimming
processing so that the width W0 of the first upper layer film
pattern 5 may be about half, W1 (=W0/2). Thereafter, the first
sidewall films 6 with a film thickness of W1 are formed on the
both sidewalls of the second upper layer film pattern 5a. The
first sidewall film 6 is made of a material different from that of
the lower layer film 4 and the second upper layer film pattern
5a and the material that can be selectively etched is selected.
The first sidewall film 6 may be formed in the same way as in
the first embodiment.

In this state, since the first sidewall films 6 are formed in a
way of surrounding the second upper layer film pattern 5a, the
first sidewall film 6 in the cut area CUA0 of FIG. 5A is formed
in a way of surrounding a portion where the second upper
layer film pattern 5a is cut off, hence to form a loop first
sidewall film 6x connected in a loop shape.

Next, as illustrated in FIGS. 17A and 17B, the second
upper layer film pattern 5a is selectively removed to form a
pattern in which the first sidewall film 6 remains on the lower
layer film 4. According to this, the first sidewall films 6 with
the width of W1 are aligned on the lower layer film 4 at the
pitch of W1.

Next, as illustrated in FIGS. 18A and 18B, the first sidewall
films 6 are used to etch the lower layer film 4, hence to form
a first lower layer film pattern. Thereafter, the first sidewall
films 6 are removed, hence to form a second lower layer film
pattern 4a with the width of W2 (=W1/2=W0/4) by the slim-
ming processing.

Then, as illustrated in FIGS. 19A and 19B, the second
sidewall films 7 with the width of W2 are formed on the both
sidewalls ofthe second lower layer film pattern 4a. According
to this, the second lower layer film pattern 4a and the second
sidewall film 7 are respectively formed with the width of W2
and the space between the second sidewall films 7 also
becomes W2. The second sidewall film 7 is made of a material
different from that of, for example, the conductive film 11 and
the second lower layer film pattern 4a and the material that
can be selective etched is selected. The second sidewall film
7 may be formed in the same way as in the first embodiment.

In this state, since the second sidewall films 7 are formed in
a way of surrounding the second lower layer film pattern 4a,
the second sidewall film 7 in the cut area CUA0 of FIG. 19A
is formed along the cut pattern 4x of the second lower layer
film pattern 4a, hence to form an outer loop second sidewall
film 7xa and an inner loop second sidewall film 7xb connected
in a loop shape.

Next, as illustrated in FIGS. 20A and 20B, the second
lower layer film pattern 4a is selectively removed to form a
pattern in which the second sidewall films 7 remain on the
interlayer insulating film 3. According to this, the second
sidewall films 7 with the width of W2 are aligned at the pitch
of W2 on the conductive film 11.

Subsequently, as illustrated in FIGS. 21A and 21B, the
second sidewall films 7 are used as a mask, to etch the con-
ductive film 11, hence to form a wiring pattern 11a. In this
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state, since the wiring pattern 11a is formed to remain under
each portion where the second sidewall film 7 is formed, loop
wiring patterns 11xa and 11x5 in the cut area CUA0 of FIG.
21A are formed with the same pattern as that of the loop
second sidewall films 7xa and 7xb of the second sidewall film
7. Further, since the conductive film 11 is removed in a wide
portion of the cut area CUAO, the top surface of the interlayer
insulating film 3 is exposed.

Next, as illustrated in FIGS. 22A and 22B, in a state where
the wiring pattern 11a is formed as mentioned above, a resist
film 9 for forming a cut area is formed on the top surface and
according to the photolithography technique, the openings 9a
of'the cut areas CUA are patterned correspondingly to the cut
areas CUAO in the same way as described above.

Next, the loop wiring patterns 11xa and 11xb of the wiring
pattern 11a exposed to the openings 9a of the resist 9 are
removed. According to this, four adjacent wiring patterns 11a
are cut in the cut area CUA. In this case, one of the two wiring
patterns 11qa in the middle, among the four wiring patterns
11a, is regarded as the bit line BLo or BLe and the remaining
wiring patterns 11a become the dummy lines DML. Further,
at least a part of the loop wiring patterns 11xa and 11xb
extending in the X direction crossing theY direction is cut. As
a result, an adjustment margin in the X direction can be
enlarged.

The above cut areas CUA where four wiring patterns 11a
are cut are sequentially formed at a position deviated from
each other by the three wiring patterns 11a and at a position
deviated in the extending direction of the wiring pattern 11a.
According to this, the number of the dummy lines DML is
increased by one compared to the wiring pattern of the bitline
hookup circuit HU in the structure shown in FIG. 3; however,
similarly to the first embodiment, this embodiment has the
structure of the minimum number of the wirings to be cut.

According to the fourth embodiment as mentioned above,
when the conductive film 11 formed on the interlayer insu-
lating film 3 is processed into the wiring pattern 11« using the
sidewall transfer technique twice, the cut area CUA in the bit
line hookup circuit HU can be formed by cutting the four
adjacent wiring patterns 11a, thereby saving the space.

Although, inthe above embodiment, the wiring pattern 11a
is formed by processing the conductive film 11 with the
second sidewall films 7 used as the mask, an inverted pattern
of'the pattern of the second sidewall films 7 can be formed as
a mask. In this case, the same wiring pattern as the wiring
pattern 8 formed through the Damascene process in the first
embodiment can be formed. According to this, a cut area
CUA in which three wiring patterns are cut may be formed.
Variation Example of Layout

FIGS. 23 and 24 show an example of a layout pattern
different from that shown in FIG. 3 in the first embodiment.
For example, the layout of the transistors Q1 and Q2 in the bit
line hookup circuit HU can be designed as shown in FIG. 23.
The interlayer insulating film is formed above the element
forming area Sa and gate electrode QG corresponding to each
of the transistors Q1 and Q2.

Multiple (for example, 32) wirings are formed in the inter-
layer insulating film, so that they cross above the gate elec-
trodes QG of'the transistors Q1 and Q2. At least three dummy
lines DML electrically in a floating state are arranged
between the bit lines BLo and BLe. By arranging the dummy
lines DML between the bit lines BLo and BLe, a dielectric
breakdown voltage between the bit line BLo and the bit line
BLe is improved. The bit line BL.o and the wiring ToDL that
extends to the data latch circuit DL are connected through the
respective contacts CQ to the source and the drain region of
the transistor Q1. The bit line BLe and the wiring ToDL that
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extends to the data latch circuit DL are connected through the
respective contacts CQ to the source and the drain region of
the transistor Q2.

The bit line BLo connected to the transistor Q1 includes a
cut area CUAL1 in which three lines including the dummy
lines DML positioned on the both sides of the same bit line are
cut. The bit line BLo is the middle wiring of the three. Here,
one of the wirings (on the side of the data latch circuit DL) cut
in the cut area CUA1 is used as the wiring ToDL. In FIG. 23,
the wiring on the left of the three wirings is used as the wiring
ToDL. As a result, in the cut area CUA1, a distance between
the bit line BLo and the wiring ToDL can be enlarged, thereby
inhibiting a short between wirings.

Similarly, the bit line BLe connected to the transistor Q2
includes a cut area CUA2 in which three lines including the
dummy lines DML positioned on the both sides and the same
bit line are cut. The bit line BLo is the middle wiring of the
three. Here, one of the wirings (on the side of the data latch
circuit DL) cut in the cut area CUA2 is used as the wiring
ToDL. In FIG. 23, the wiring on the left of the three wirings is
used as the wiring ToDL. As a result, in the cut area CUA2, a
distance between the bit line BLo and the wiring ToDL can be
enlarged, thereby inhibiting a short between the wirings.

Although a distance between the bit line BLe and the
wiring ToDL connected to the transistor Q1 may become
short, a problem rarely occurs because a voltage between the
bit line BLe and the wiring ToDL connected to the transistor
Q1 only becomes large during the erase operation.

This layout can be formed by cut areas CUA0 formed in the
mandrel pattern 5, adjacent to each other in the X direction,
and having different positions in the Y direction, as illustrated
in FIGS. 4A and 4B in the first embodiment. Namely, the cut
area CUAL1 and the cut area CUA2 are positioned with one
dummy line DML 2 intervening therebetween in the direction
crossing the wiring extending direction. Further, the number
of'the dummy lines DML between the bit line BLo and the bit
line BLe can be lessened, thereby reducing the circuit area.

Further, the layout of the transistors Q1 and Q2 in the bit
line hookup circuit HU may be designed as shown in FIG. 24.
In an application example in FIG. 24, although one of the
wirings (on the side of the data latch circuit DL) cut in the cut
area CUAL1 is used as the wiring ToDL, the middle one of the
three wirings is used as the wiring ToDL. Similarly, although
one of the wirings (on the side of the data latch circuit DL) cut
in the cut area CUAZ2 is used as the wiring ToDL, the middle
one of the three wirings is used as the wiring ToDL. As a
result, a distance between the bit line BLe and the wiring
ToDL connected to the transistor Q1 can be enlarged.

Other Embodiment

In addition to the embodiments described above, the fol-
lowing variation can be made.

As for the size of each pattern, although the example with
a relation among the widths W0, W1, and W2 set has been
described, a relation among these sizes is not to be strictly
defined but it can be roughly set or set in a different relation.

Although the above description has been made in the case
of forming a wiring pattern using the sidewall transfer tech-
nique twice, the sidewall transfer technique may be used three
times; in this case, effect of saving a space can be further
achieved.

Although the disclosure is applied to the NAND type flash
memory 1, it can be applied to a general semiconductor
device designed to have a line and space wiring pattern and a
portion of cutting several wirings.
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While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions, and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A semiconductor device comprising:

a wiring pattern that includes a plurality of parallel con-
ductive lines that are spaced apart from one another in a
first direction and extend in a second direction transverse
to the first direction,

wherein the parallel conductive lines includes first and
second lines that are adjacent, a third line that is adjacent
to the second line, the first and third lines each having a
cut portion at different points along the second direction,
fourth and fifth lines adjacent to the third line, each
having a cut portion that is substantially aligned in the
second direction with the cut portion of the third line,
and sixth and seventh lines adjacent to the first line, each
having a cut portion that is substantially aligned in the
second direction with the cut portion of the first line.

2. The semiconductor device according to claim 1, wherein

the parallel conductive lines are evenly spaced.

3. The semiconductor device according to claim 1, wherein
the second line is continuous in the second direction between
the point of the cut portion of the first line and the point of the
cut portion of the third line.

4. The semiconductor device according to claim 1, wherein
the second line has a first curved portion near the cut portion
of the first line and a second curved portion near the cut
portion of the third line.

5. The semiconductor device according to claim 4, wherein
the first line has a curved portion that is bent toward the cut
portion of the third line, and the third line has curved portion
that is bent toward the cut portion of the first line.

6. The semiconductor device according to claim 5, wherein
the sixth line has a wider width portion adjacent the curved
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portion of the first line, and the fourth line has a wider width
portion adjacent the curved portion of the third line.

7. The semiconductor device according to claim 1, wherein

each of the fourth and sixth lines is connected to a transistor
and two lines on both sides thereof are not connected to
a fixed potential.

8. A semiconductor device comprising:

a wiring pattern that includes a plurality of parallel con-
ductive lines that are spaced apart from one another in a
first direction and extend in a second direction crossing
the first direction,

wherein the parallel conductive lines include a first cut
portion that separate a first group of three adjacent lines
and a second cut portion that separate a second group of
three adjacent lines, the first cut portion and the second
cut portion being located at different points along the
second direction.

9. The semiconductor device according to claim 8, wherein

the parallel conductive lines are evenly spaced.

10. The semiconductor device according to claim 9,
wherein the first group of four adjacent lines is adjacent to the
second group of four adjacent lines such that no line is inter-
posed between the two groups.

11. The semiconductor device according to claim 10,
wherein one of the two middle lines in each of the first and
second groups is connected to a transistor and the remaining
three lines are not connected to a fixed potential.

12. A semiconductor device comprising:

a wiring pattern that includes a plurality of parallel con-
ductive lines that are spaced apart from one another in a
first direction and extend in a second direction transverse
to the first direction,

wherein the parallel conductive lines includes first and
second lines that are adjacent, and a third line that is
adjacent to the second line, the first and third lines each
having a cut portion at different points along the second
direction, and

the second line is continuous in the second direction
between the point of the cut portion of the first line and
the point of the cut portion of the third line.

13. The semiconductor device according to claim 12,

wherein the parallel conductive lines are evenly spaced.

#* #* #* #* #*



